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This work has been supported by the Volkswagen Stiftung. Al,,,3Ga,,.7As barriers. For the TFWM experiments, the sample was excited by 1Wfs pulses from a self modelocked Ti: sapphire laser in the two-beam self-diffraction geometry.' The PL was either excited by a continuous wave HeNe laser or by the Tisapphire laser. The sample was kept at 5 K during the experiments.
The PL experiments with the HeNe laser resulted in PL peaks for the heavy hole excitons (HHx) and biexcitons (HHxx). The biexaton PL-peaks could be fitted accurately by use of a lineshape suggested by Phillips et al.: and the intensity was observed to increase superlinearly with excitation power. With the laser resonant at the heavy hole exciton of the 130 A well, HH&, the TFWM spectrum is shown in Fig. 1 for a delay of 3 ps. Distinct lines are observed for all the exciton resonances. Below the exciton resonances, lines are seen that coincide with the lines observed in the luminescence.
They are identified as being TFWM signals resulting from two-photon transitions to the biexciton states via the intermediate exciton states. By appropriate tuning of the laser, we obtain the response from the HHxx in each of the quantum wells and determine their binding energies. The well width dependence of the HHxx binding energies is shown in Fig. 2a . Also shown, as a dashed curve, is the calculation by Kleinman?
Assuming a square structure for a 2D biexciton, with two electrons and two holes separated by diagonals, 2r, we have calculated the ratio of the binding energy of biexcitons to that of excitons analytically using the fractional dimension approach.' Our model structure helps reducing the biexciton Hamiltonian into an exciton Hamiltonian with a modified reduced mass pxx = 2/3px and modified . which gives Ep/E: = 0.228, independently of the fractional dimension and hence the well width. The binding energies of the heavy hole excitons have been estimated from photoluminescence excitation measurements. In Fig. 2b we have compared the experimental ratio of the heavy hole biexciton binding energy and the heavy hole exciton binding energy E$/E: with those of Kleinmann3 and the present calculation. The experimental results deviate significantly from the calculation by Kleinman but agree quite well with our calculation. The observation of high quantum degeneracy and the asymptotic approach of BEC have been reported for a Bose gas of ortho-x's in Cu20. ' In these experiments, both the resonant and LO-phonon assisted ortho-x recombinations give an observable optical signal. However, the radiative renormalizations of the ortho-x dispersion strongly influence the relaxation kinetics. Recent experiments clearly demonstrate a well-developed polariton effect for the quadrupole-dowed orthox's in Cu20 at T = 2 K? The corresponding polariton coupling is given by a,( p) = ( [ i p 2 /~, ) " 2 , where E, = 6.5, f = 3.7 X 10-, and p is the polariton wave vector.
47, 1620 (1979
The anomalously weak ortho-x's -LAphonon interaction in Cu20 does not destroy the polariton effect.' Quasi-equilibrium BEC may coexist with the polariton effect under the following criterion:
pml WAVEVECTOR QThJ5 Fig. 1 Schematic of the effective scattering of the ortho-x's from state p = 0 of the upper polariton branch to the polariton bottleneck region of the lower polariton branch. Fig. 1 ). For ortho-x's this condition is broken because ~~~( p~, ) = 9.7 p,eV and n,(p,,) = 123.7 FeV. In this case, the ortho-x's relax to the bottleneck region of the lower polariton branch rather than accumulate at state p = 0 of the upper polariton branch. Our numerical simulations clearly demonstrate such a relaxation kinetics, explain the low-energy tail in phonon-assisted ortho-x's recombination, and show an unusual relaxation kinetics along the lower polariton branch. We conclude that the quantum degeneracy is high both for the high-energy tail of the distribution function (chemical potential p,# + 0) and within the bottleneck region, but the quasi-equilibrium BEC at p = 0 cannot develop for ortho-x's in
cu20.
The polariton effect is absent for the para-x's. Therefore we analyze the relaxation kinetics within the standard kinetic equations for Bose particles with quadratic dispersion. For T >> T,, the adiabatic cooling of the quasi-equilibrium x's gas from T + AT to T is exponential €IT = AT exp[-t/~$] (see Fig. 2 
